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Effectsofsandburialonbiomass，chlorophyllfluores—
cenceandextracellularpOIysaCcharidesofman·made
cyanobaCteriaIcrustsunderxperimentalco ditions
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SoiIcyanobacterialcrustsoccurthroughouttheworld，especiallyinthesemiaridndaridregions．1t
alwaysencounterssandburial．whichisanimportantfea ureofmobilesanddunes．Agreenhouse
studywasconductedtod terminetheffectsofsandburialonbiomass．chlorophyllfluorescenceand
extracellularpoIysaccharIdesofman-madecyanobacterialcrustsInsixperiodsftime(0，5，10，15，20
and30dafterburying)andatfivedepthsf0，0．2，0．5，1and2cm)．Theresultsindicatedthatwitht e
increaseoftheburialtimeandburialdepthextracellularpOIysaccharidescontenta dFv／Fmdecreased
correspondingIyandtherew renosignificantdi竹erencesbetween20a d30buriaIdaysunderdif-
ferentburialdepths．Thedegradationofchlorophyllacontentappearedonlyat20and30buriaIdays
andtherewasalsonosignificantdifferencebetweenthemunderdifferentburiaIdepths．1twasalso
observedasimultaneousdecreaseofthevaluesoftheFv／Fmandthecontentofextracellularpoly-
saccharideshappenedlnthecrustedcyanobacteriumMic ocoleusvaginatusGom．Itmaysuggestthat
thereexistsarelationshipbetweenxtracellularpoIysacchar．desandrecoveryoftheactivityofpho-
tosystemII(PS111afterrehydration．
MicrocoleusvaginatusGom．，man—madecy nobacterialcrusts，sandburial，biomass，photosyntheticactivity，extra ellularpOlysaccharides
Soilcyanobacterialcrustsarepopularlydistributedin
variouslandecosystemshroughouttheworld，espe—
ciallyinsemian。danaridregions．Studiesoncyano—
bacterialcrustshavedocumentedtheirpioneeringand
colonizingrolesintheseecosystems．whichincludeth
stabilizationofsoils．improvednutrientstatusofvascu—
larplantsgrowinginthecrustedland，andimprovedsoil
structure[11．
Sandburialisanimportantf ctorcontrollingthedis—
tributionandcompositionofvegetationinthedeserteco—
system[2—91．Itaffectsthevegetationbyalteringtheirnor．
malmicroenvironment．Forexample，moisture，nutrients
andmicroorganismsinproximitytotheplantarein—
creasedaftersandaccumulationwhereassoiltemperature
andaeration．andlightintensitvarcdecreased[⋯¨．A
largenumberofliteraturesfocusedontheresponsesof
www．scichina．comwww．springerlink．com
angiospermstovaryingdegreesofburial，however，
bryophytes，suchascyanobacteriawerearelyreported．
Campbell01纠suggestedthatfilam ntouscyanobactefia
couldrespondtoburialbymovingupto5mnlevery24
hourswhensoilsweremoist。缔西cnsoilsweredryjthese
organismswerenotabletomove．Burialkillednon．mo—
bilephotosynthericcomponentsofthecrust．Onthecon—
trary．Pottseta1．01“foundthatherbariumspecimensrc．
mainedviableaftermorethanacenturyofdesiccation．
Whathappenstothesoilcyanobacterialcrustsburied
bydrysandandwhetherthecrustswillbekiliedornot?
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Howcandrysandburialplayitsroleonthecyanobacte。
rialcrusts?Theintentofthispaperistoanswerthe
abovetwoquestions．MicrocoleusvaginatGom．，one
ofthemostdominantcvanobacterialspeciesnthemi—
crobioticcrustsintheworld，wasisolatedanpurified
bytheauthors’teamfromthedesertareainChinaand
usedasinoculumtomakeman—madesoilcrusts．The
impactsofdifferentsa dburialdepthsandtimeperiods
ontheman—madecyanobacterialcrustswereinvesti—
gatedxperimentallyundergreenhouseconditionsand
threephysiologicalparameterswerem asured．
1 Materialsandmethods
1．1 Culturesandman-madesoilcrustspreparation
M．vaginatusGom．wasisolatedfromthedesertalgal
crustofDalateqi，InnerMongolia，China(40。2l7N，
109。51’E)byouresearchgroup．Culturesweregrown
intheBG一11mediumat25±1℃．andilluminatedwi h
c001whitefluorescentlighta 40BE．m-2．s一1【14】with
aerationofhumidifiedair．After18d，cultures(6．4gg
chlorophylla／mL)wereinoculatedinthesandfromthe
localdunes．Sandw sputintheplasticcontainers
(20x13．5x13cm3)andeachcontainerwasgiven250mL
cultures．Thedrainageoutletatthebottomfplastic
containerswascoveredwithstripsofnylonmeshto
preventthelossofsandwhileallowingdrainageofex—
cesswater[9】．Tomakesuretheinoculumhadauniform
distribution，excessivewaterwhichexceededthsatu—
ratedmoisturecapacityof hesandwaspouredtothe
containersandhomogenizedinoculumswereinoculated
tothewaterabovethesand．
Thecontainersw eplacedinagreenhouseforone
month．theman—madecyanobacterialcrustsformedand
theywereallowedtobetreatedbysandbuffal．Contain—
erswerewatereddailyinthefirstfifteendayswithdis—
tilledwater(50mL／d)．Temperatureinthegreenhouse
wasmaintainedat25±1℃andilluminationwas70
I-rE．m_’．s1alltheday．
Artificialburialtreatmentsradditionalsa ddepthof0．
O．2．0．5．1and2cm)wereimposedun erg eenhouse
conditionsonthefirstdaywhenthecvanobacterial
crusts’chlorophyllfluorescencedecreasedtoz ro；bio—
mass，chlorophyllfluorescenceandextracellularpoly—
saccharideswerem asuredafter0．5，1O，15，20and30
d．Sixreplicateswereusedforeachtreatment．
1．2 Algalbiomass
Chlorophyllacontentwasusedtoestimatealgalbio—
mass．The2x2cm‘crustsamplesw regroundfor3min
ina mortarndthenplacedinscintillationvials．
Ⅳ．N-dimethylformamide(DMF)of5 Lwasadded
intoeachvial．Thesamplewashaken．andtheni cu—
batedatroomtemperatureinthedarkovernight．Sam—
pieswereresuspendedinthfollowingdayandcentri—
fugedat2500r／minfor10minandthesupernatantde—
cantedintocuvettes．Absorbancewasme suredat664，
647，625，and603musingaspectrophotometer(U1一
trospec3000，PharmaciaBiotech，England)。Calcula—
tionsweremadeaccordingtothefollowingequationli31：
LtgChla／cm‘=
(12．92A664—2．16A647+1．44A625—4．91A603)(mLMF)／4cm。
1．3 Photosvntheticactivity
Chlorophyllafluorescencewasmeasuredwithaplant
efficiencyanalyzer(PEA，Hansatech，UK)．Algalmate—
rialsweredark——adaptedforatleast20minbeforemeas．．
uringthefluorescenceparameterFv，Fm(PhotosystemII
activity)．Theexcitationlighti tensitywasabout1500雎
photon．I西。．s—j．andtherecordingt mewas5 s．F、，}Fm
istheratioofthevariablefluorescencetothemaximal
nuorescencen41．
EachsamplewasmoistenedwithBG．1lmediumand
thenmeasuredafterhalfanhour．
1．4 Extracellularpolysaccharidescontent
Extracellularpolysaccharideswe equantifiedaccording
tothephenol—sulphuricacidmethodofDubioseta1．【怕J．
usingglucosea tandard，andmodifiedbyPistocchieta1．
1．5 Dataanalysis
A11thedataonalgalbiomass．chlorophyllanuorescence
andextracellularpolysaccharideswereanalyzedusing
one—andtwo—wayANOVAat95％．IfANOVAshowed
significantdifferences，Duncan’sm ltiplecomparison
testswereusedtodetermined fferencesbetweentreat—
ments．A11datanalysesw recarriedoutusing
SPSS11．5software．
2 Results
2．1 Algalbiomass
Thetwo—-wayANOVAshowedthatchlorophyllacon--
tentwasignificantlyaffectedbydifferentburialtime
periods(F5=76．053，P<0．0001)，burialdepths(F4=17．649，
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P<O．00011 andinteractionbetweenburialdepthand
burialtime(F20=6．415，P<O．0001：Table1)．Forthesix
burialtimeperiods．thedecreaseofthechlorophylla
contentappearedonthe20th．30thdays．Therew no
decreasesonthe0，5th，lOthand15t11days(Figurel(a))．
Foreachofthelastwoffivedifferentbuffaltimes
(Figure1(b))，therewasanegativecorrelationbetween
chlorophylla contentandburialdepthf20d．Y=
_o．18钳22．491，／=0．912，Fls=104．44，P<O．0001；30d，
Y=--0．286x+23．28，，=0．853，F15_179．40，P<0．O001)．
2．2 chlorophyllafluorescence
Accordingtothetwo．．wayANOVAchlorophyllafluo．．
rescencewasalsosignificantlyaffectedbydifferent
burialtimes(F5=153．054，P<0．0001)，burialdepths
fF4=152．011’P<0．0001)andinteractionbetweenburial
depthandburialtime(R0=12．471，P<0．0001，Table1)
Forthesixburialtimes，thedecreaseofthechlorophyll
afluorescenceappearedonthe5th，lOth，15th，20th，
30thdays(Figure2(a))andtherewasanegativecorrela—
tionbetweenchlorophyllafluorescenceandbuffaldepth
foreachofthoseburialtimes(5d，v=-0．045x+0．503，广
=0．65，F14=4．57，P<0．0001；10d，Y=-0．133x+O．52，，
=0．86，F1．4=20．65，P<0．0001；15d，Y=_0． ％+O．49，严
=0．86，Fl4=24．93，P<0．0001：20d，Y=-0．20x+0．39，，
=0．76，F14=168．52．P<0．0001；30d，Y=-0，19x+0．39，
1．z=0．68，F14=74．10。P<0．0001)．Forthefivebuffal
depths，thedecreaseofthechlorophyllafluorescence
appearedat0．2，0．5，1，2cm(Figure2(b))andtherewas
anegativecorrelationbetweenchlorophylla fluores—
cenceandburl’altimeforeachofthoseburialdepthsr0．2
cm，y=-0．012x+0．542，／=0．92，F15=54．47，P<
．0001：0．5cm：Y=-0．012x+0．540，广=0．89，FIs=77．53，
P<O 000l：lcm，y=-0．012x+0．531，广=0．90，F1s=
50．40，P<0．0001：2cm，Y=-0．018z+0．462，，=0．82，
Fl5=36．09，P<0．O001)．
2．3 Extracellularpolysaccharidescontent
Extracellularpolysaccharidesw salsosignificantlyaf-
fectedbyifferentbuffalimes(F5=236．207，JP<0．0001)，
burialdepths(F4=426．737．P<0．0001)andinteraction
betweenburialdepthandburialtimefF20=25．458．
P<O．0001．Table11bythetwo—wayANOVA．Forthe
sixbuffaltimes，thedecreaseofthewater—solublesugar
appearedonthe5th，10th，15th，20th，30thdays(Figure
3fa))andtherewasanegativecorrelationbetweenwa—
ter．solublesugarndbuffaldepthforeachofthosebuffal
times(5d，Y=-3．06x+16．30，广=0．966，Fl4=90．02
Table1 Variancecomparisonofeffectsofdifferentburialtimes，depths，andt eirnteractiononalgalbiomass，chlorophyllafluorescenceandextracel—
lularpolysaccharidescontent
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Figure1(a)Chlorophyllacontentofcyanobacterialcrustsforsixdifferentburialtimesfromfivedifferentburialdepths；(b)chlorophyllacontentof
fivedifferentburialdepthsforsixdifferentburialimes．Valueswiththesamesuperscriptlettersa enotsignificantlydifferentatP<0．05accordingtoDun—
can’smultiplecomparisontest．
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Figure2(a)Chlorophyllafluorescenceofcyanobacterialcrustsforsixdifferentburialimesfromfivedifferentburialdepths；(b)chlorophyllacontent
offivedifferentburialdepthsforsixdifferentburialtimes．Valueswiththeainesuperscriptlettersa enotsignificantlydifferentatP<0．05accordingto
Duncan’smultiplecomparisontest．
P<0．0001；10d，Y=-4．263x+15．50，rz=0．9l，F14=
15．78，P<0．0001；15d，Y=一2．99x+19．07，／=0．99．Fl4
=757．84，P<0．0001；20d，v=一6．448x+13．66，，=0．89，
，1．4=1413．35，P<0．0001；30d，Y=一6．56x+13．60，／=
0．89，Fl4=5765。41，P<0．0001)．Forthefiveburial
depths，thedecreaseofthechlorophyllafluorescence
appearedat0．2，0．5，1，2cm(Figure3(b))andtherewas
anegativecorrelationbetweenwater-solublesugarnd
burialtimeforeachofthoseburialdepthsr0．2cm：Y=
-0．135x+16．16，，=0．81，F15=130．19，尸<O．0001：0．5
era：Y=-0．286x+15．497，，=0．89，Fls=91．26，
P<O．0001；lcm：Y=-0．39叙+14．93，，=0．885，F15=
30．96，P<0．0001：2cm：Y=-47．465x+13．13，，=0．83，
F15=203．26，P<0．O001)．
3 Discussion
Inthistudy，weexaminedth ffectsof andburialon
thecyanobacterialcrustofM．vaginatusGom．under
controlledcon itions．Ingeneral，thegradientinde—
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creaseofcontentof hextracellularp01ysaccharides
andF∥n咒concurredwimthechangesofburialtime
andepth．Itmeansthat，withtheincreaseoftheburial
timeandburialdepth，extracellularp01ysaccharides
contenta dFvfFmdecreasedcorrespondingly。Excep—
tionally，therewasnosignificantdiffe：rencebetween20
and30burialdaysunderdifferentburialdepths．The
degradationofchlorophyllacontentappearedonlyon
20burialdaysand30burialdaysandtherewasalsono
significantdifierencebetweenthemunderdifierentbur—
ialdepths．
Itwasupposedthatdrysandburialp ayeditsroleon
man—madesoilcruststhroughcreatingacomparatively
suitableenvironmentforthemicroorganismsbeneath
thesoilcrusts．andnotdirectlyaffectedthemetaboliza—
bilityoftheman—madesoilcrusts．Soilcrustsbecame
dryandormantwhenhevalueofFv，Fmgotozerou／i．
However．microorganismsthatlivedo thextracellular
polymericsubstancesofthecyanobacteriastillkeptac。
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Figure3(a)Extracellularpo ysaccharidesofcyanobacterialcrustsforsixdifferentburialtimesfromfivedifferentburialdepths；(b)extracellularpoly—
sacchafidesoffivedifferentburialdepthsforixdifferentburialtimes．ValueswiththeamesuperscriptlettersarenotsignificantlydifferentatP<O．05
accordingtoDuncan’smultiplecomparisontest．
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soilcIusts．Subsequentsandburialincreasedthemoisture
whiIed creasederanon[10，¨]．Comfbrtablemicro nvi—
ronmentpromotedth activitVofmicroorganismsin
proximitytothesoilcmsts¨uandaccelemtedthed gra—
dationofextracel】ularDo vsaccharidesofthesoilcn】st．
ExtraceUularpo ysaccharidesvebe nprovedto
fulfillavadetyofdifferentolessuchasprotectin2algae
fromhannfUleffectsoftoxicsubstancesorunfavorable
factors(e．g．desiccation，antibiotics，ultravioletillurnjna—
tionetc．)anddirectlvattachtosolidsud’aceandomer
matnx【18—20】．Asearlvasin1964，MooreandTischer【21J
suggestedmataIgalEPSaf诧ctedlife—supporcsystems‘“1．
Inrecentyears，Wrighteta1．I“1suggestedthatcyano—
bacterium^bJ幻ccD，”，竹M佗Ptoleratedthsimultaneous
stressesofdesiccation．UVrf．adiation．andxidation
tllroughmodulationofthestIuctureandfhnctionofthe
three—dimensionalextrace lularmatrix．111ourstudv．we
observedasinlultaneousdecI．easeofthevalueofthe
f、∥F，7zandmecontentofextracellularD01Vsaccharides．
WespeculatedthatthereeXistedarelationshipbetween
extracellularpolysacchandesandrecoverVoftheactiv—
ityofphotosystemII(PSⅡ)afterrehvdmtion．
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